Longitudinal profiles of most Japanese rivers which are today not at grade can be described by either exponential or power functions.
differences
in best fit function. In order to clarify the downstream changes in fluvial processes of alluvial river, the downstream changes in the relationships between characteristics of grain size distribution and tractive force, and between tractive force and channel slope were ex amined for the five rivers in the Kanto plain, central Japan.
The composition of channel sediment was separated into several log-normally distributed populations at each sampling point of the river beds. The A-population which is the coarsest size in the separated populations is interpreted to be tractional load, and its size depends on the tractive force which is strongly affected by the channel slope.
For the river expressed by an exponential function, the A-population having the grain size of -7 to -6 phi disappears abruptly with the decrease in channel slope in the middle reach . In contrast, for the river expressed by a power function, the A-population having the grain size of -7 to -6 phi is distributed down to near the river mouth , because the decreases both in the curvature and slope of longitudinal profile are small. tudinal profile, the FDG of the river described by power function is located downstream rather than that of the river described by expo nential function (OHMORI, 1991) . In the above study, however, the relationship between the characteristics of longitudinal profile of rivers and the hydraulic regime were not examined based on the field data of channel sediment. Thus, it has not been made clear whether or not the hydraulic condition along a stream course is affected by the characteristics of the shape of longitudinal profile and how it changes with the change in the mathematical function type describing the longitudinal profile.
Concerning the channel sediment, the grain size of bed material decreases downstream, re sulting in different fluvial landforms. The grain size reduction has been explained by the de crease in competence of stream flow as the channel slope and/or the discharge change downstream (PLUMLEY, 1948; NAKAYAMA,1952; YATSU, 1955; KNIGHTON, 1975; BRIERLEY and HICKIN, 1985) . On the other hand, the grain size reduction has been also explained by the abra sion and breakage whose influence on bed ma terials are different with lithologies. It is point ed out that the difference in downstream depos itional destination of the same size particles of channel sediment varies with the difference in their lithologies (IKEDA, 1970; KODAMA, 1992) . Although the grain size of channel sediment surely does decrease by abrasion and breakage, it is considered that the downstream distribu tion of grain size of total channel sediment essentially depends on the hydraulic conditions as it will be proved in this paper.
The hydraulic conditions should be con trolled by the morphological properties of river; the curvature and the steepness of longitudinal profile curve, as proved by OHMORI (1988 OHMORI ( , 1991 . INOKUCHI and SASAKI (1985) and INOKUCHI (1989) also suggested that the bed material characteristics have a close relation to longi tudinal profile. Therefore, it has come to be important to examine totally the relationships between the grain size of sediment, the hydrau lic regime, and the longitudinal profile of the river.
For a river, the fluvial processes should be studied through a feedback system between The Kanto plain, central Japan, is the largest plain in Japan (Figure 1 ), through which many rivers flow, forming various fluvial landforms. Five alluvial rivers; the Ara, Tama, Tone, Wa tarase and Kinu Rivers (Table 1) , were ex amined, because hydrological data have been observed over a long period. Concerning the Watarase River for which the abrasion and breakage of gravels were discussed by KODAMA (1992), the grain size distribution was analyzed for the total channel sediment at each sampling site based on data most of which are the same as those of KODAMA (1992) . These rivers come down from the mountains higher than 2000m above sea level to the Kanto plain where alluvi al fans, natural levees, and deltas are well devel oped along the river courses. Each river basin is comprised of various rocks (Table 1 ). The river bed materials are composed of various litholo gies corresponding to bedrock lithologies of the source area. The study reaches for sediment samples are set up in the middle to the lower reaches where the effect of gravel supply from tributaries is negligible. ( Figure 1 ). The grain size distributions were analyzed using sieves at 1/4 phi interval. The bed materials are composed mainly of gravel of pebble and cobble size along the upper reaches, and of sand along the lower reaches. As it had been noted that the grain size distribution of sediment is composed of some log-normally dis tributed populations (SPENCER, 1963; VISHER, 1969; INOKUCHI and MEZAKI, 1974; and others) , each sediment sample was separated into sever- al log-normally distributed populations follow ing the procedure of INOKUCHI and MEZAKI (1974) . An example of the original grain size distribution plotted on probability paper is shown by Figure 2 , for the sample No.5 of Tone River.
The separated log-normally distributed popu lations are called A-, B-, C-, and D-populations in order of coarseness (INOKUCHI and MEZAKI, 1974; INOKUCHI, 1977) . The population which has the grain size corresponding to the B-population of INOKUCHI and MEZAKI (1974) can be further divided into two populations; B1-, and B2 -populations. Both the mean diameter and the standard deviation of each separated log normally distributed population are shown in Figure  3 and is not shown in phi scale (=0.25mm), so it is considered to be derived from the wash load (EINSTEIN, 1950 titude and distance were performed. Here, the distance was measured from the headwaters to the sampling site, meaning that the distance of the examined river segment decreases with the sampling site located upstream. The values of both a and b vary with each sampling site for the same river. Alongstream changes in their values are shown in Figure 7 , where the best fit function types are also signed. (Table 3) , with exception of the Ara River. Namely, the Tone, Kinu, and Watarase Rivers, which are expressed by an exponential function for their whole river courses, are best described by a power function Figure  4 , Figure  6 , Figure  7 ).
Based on Figure  7 , 
V. CONCLUSIONS
In order to clarify the downstream changes in fluvial processes of alluvial rivers, the author studied the relationships between the charac teristics of the fluvial deposits and the tractive force, and between the tractive force and the longitudinal profile of river, in the Kanto plain, central Japan. The results are as follows;
(1) The composition of channel sediment at each sampling site was separated into 2 to 5 groups of log-normally distributed populations. The A-population which is the group with the coarsest size among the separated populations is interpreted to be tractional load based on the downstream changes in the ratio of the tractive force to the critical tractive force.
(2) Based on the downstream changes in channel slope and hydraulic radius, the tractive force which is expressed by a function of chan nel slope and hydraulic radius depends on the channel slope much more than on water depth.
The downstream change in tractive force is controlled by the function type best expressing the longitudinal profile. For the river expressed by an exponential function, the A-population having the grain size of -7 to -6 phi disappears abruptly with the decrease in channel slope in the middle reach. The down stream depositional limit of the A-population having the grain size of -7 to -6 in phi corre-
